We study the distances and gravitational lensing in spherically symmetric inhomogeneous cosmological models consisting of inner and outer homogeneous regions which are connected by a single shell or double shells at the redshift z 1 ∼ 0.067. The density and Hubble parameters in the inner region are assumed to be smaller and larger, respectively, than those in the outer region.
It is found that at the stage z 1 < z < 1.5 the distances from an observer in the inner void-like region are larger than the counterparts (with equal z) in the corresponding homogeneous Friedmann models, and hence the magnitudes In recent cosmological observations, the following three remarkable phenomena have been discovered, which may contradict with the homogeneity of the universe. One of them is the large-scale bulk flows in the region with distance < 150h −1 Mpc (H 0 = 100h −1 km sec −1 Mpc −1 ) without the associated large CMB dipole anisotropy [1] [2] [3] . Second we have the inhomogeneity of the observed Hubble constant whose values are smaller in the measurements for remoter sources [4] [5] [6] [7] . The last one is the magnitude-redshift relation of SNIa, in which the observed magnitudes of sources are larger than those expected in the homogeneous Friedmann models without the cosmological constant. For the model-fitting the positive cosmological constant which brings an "accelerating" universe was considered as a necessary quantity [8] , [9] , [10] .
For the explanation of the first phenomenon we considered spherically symmetric inhomogeneous models in a previous paper [11] (which is cited as paper I in the following).
They consist of inner and outer homogeneous regions connected with a single shell, double shells or an intermediate self-similar region [12] [13] , and it is assumed that the density and Hubble parameters in the inner region are smaller and larger, respectively, than those in the outer region. Then it was shown that the observed situation of bulk flows and CMB dipole anisotropy can be reproduced, if the radius of the boundary of the two region and the observer's position from the center are about 200h −1 Mpc and 40h −1 Mpc, respectively. These models are found to be consistent also with the inhomogeneity of the Hubble constant.
In the present paper the behavior of the distances is investigated in these models with similar model parameters. In Sec. 2, we treat the distances from a virtual observer who is in the center of the inner void-like region in models with a single shell, and derive the [magnitude m -redshift z] relation. This relation is compared with the counterpart in the homogeneous models. Then the relation in the present models is found to deviate from that in the homogeneous models with Λ = 0 at the stage of z < 1.5. It is partially similar to that in the nonzero-Λ homogeneous models, but the remarkable difference appears at the high-redshift stage z > 1.0. In Sec. 3, we consider a realistic observer who is in the position deviated from the center, and calculate the distances from him. The distances depend on the direction of incident light and the area angular diameter distance is different from the linear angular diameter distances. It is shown as the result that the [m, z] relation is anisotropic, but the relation averaged with respect to the angle is very near to the relation by the virtual observer. The comparison with the observed relation for SNIa is also discussed. In Sec. 4 we derive the lens effect such as the convergence and shear of the images caused by the above anisotropic nature of distances, and in Sec. 5 discuss the influence on the time-delay from a remote double quasar. Sec. 6 is dedicated to concluding remarks. In Appendix A, the derivation of distances in models with double shells is described in parallel with Sec. 2 and 3.
II. DISTANCES FROM THE CENTER OF THE INNER REGION
In this section we treat the models with a single shell, in which the inner homogeneous region V I and the outer homogeneous region V II are connected with a shell and the lineelement is expressed as
where j (= I or II) represents the regions, f j (χ j ) = sin χ j , χ j and sinh χ j for k j = 1, 0, −1, respectively, and dΩ 2 = dθ 2 + sin 2 θϕ 2 . The model parameters are expressed as H j 0 (= 100h j 0 ), Ω j 0 and λ j 0 . Here the negative curvature is assumed in all regions. In the paper I, we showed the Einstein equations in both regions and the junction conditions at the boundary shell which is given as χ I = χ I 1 and χ II = χ II 1 , and derived the equations of light rays in both regions. Using the latter equations we obtained CMB dipole and quadrupole anisotropies and found that the influence of motions of the shell on the light paths is negligibly small, so that the approximation of the comoving shell is good for the treatment of light rays. In this paper this approximation is assumed throughout in all cases, and the equations in the paper I are cited as Eq. (I.2.1), Eq.(I.A1) and so on.
The angular diameter distance d A between a virtual observer at the center O (in the inner region V I ) and the sources S is given by 
which is defined in V I for arbitraryz I 1 , assuming that V I covers every region of the model. The luminosity distances d L and d F L are defined in terms of
Accordingly the ratio of luminosity distances is equal to the ratio of angular diameter distances. In Figs. 2 and 3 the behavior of 5 log d L as a function of z (=z j s ) is shown in the case ofz I 1 = 0.067 for the parameters (Ω I 0 , Ω II 0 , h I , h II /h I ) = (0.2, 0.56, 0.7, 0.82) and (0.2, 0.88, 0.7, 0.82), respectively, which are appropriate to describe the bulk flow in the previous paper [11] . The lines in the homogeneous models with (Ω 0 , λ 0 ) = (0.2, 0) and (0.2, 0.8) are also shown for comparison. It is found that 5 log d L is larger than that in the In Fig. 4 the behavior of 5 log d L (by the observer at C) in the double-shell models is shown forz I 1 = 0.05 andz II 2 = 0.1, where the distances in the double-shell case are derived in the Appendix A. It is found that the general trend is same as that in the single-shell case.
In Figs. 5 and 6, the magnitude differences ∆m [≡ 5 log d L − 5 log(d L ) homog ] are shown in the single-shell and double-shell cases, respectively. In Fig. 5 the difference for Ω 0 = 0.3 is also shown and it is found to be smaller than that for Ω 0 = 0.2. Fig. 7) . Next let us consider two rays with equal φ in planes of θ = 0 and ∆θ, when ∆θ << π.
Then [the angle between two rays reaching O] (= ∆θ sin ϕ s ) is equal to [the angle between two rays reaching C] multiplied by a factor (sin φ/ sin ϕ s ). Therefore the transverse linear distance is
In the following we derive the relations between (η II s , χ II s , ϕ s ), (η I 0 , χ I 0 , 0) and the incident angle φ. When we give the redshiftz I 1 , the radial coordinate χ I 1 is fixed using Eqs. (2.6) and (2.8).
In V I we have Eq. (I.3.10) for η I 1 in the case of φ = φ 1 and π − φ 1 , and
where χ I 0 is fixed by giving the distance CD, that is,
For (η II s , χ II s ) we obtain from Eq. (I.3.11) 
where A j 0 (j = I, II) are given by Eq. 
Solutions (3.11) and (3.12) are applicable for k j > 0 and < 0, respectively.
in the interval χ 0 < χ ≤ χ m , and
In V II we have Fig. 8 .
B. Ellipticity of image deformation
Since d l A and d t A are different for the sources of z > z I 1 , their images are deformed and the degrees of deformation depend on φ. Here we define the ellipticity e by
(4.1)
The z dependence of e was calculated in two model parameters for the study of its general behavior. The maximum and minimum of e are in φ ∼ π/2 and φ = 0, π, respectively. To clarify the φ dependence of e, we derived the average value for 0 < φ < π, and the values averaged for φ < π/4, π/4 < φ < 3π/4, and φ > 3π/4. Their results are shown in Figs. 10 and 11. It is found that the ellipticity e increases abruptly directly after the epoch z = z I 1 and decreases gradually with z. Accordingly, we should measure the images of the sources around z = z I 1 to confirm the lens effect. .0006
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V. TIME-DELAY FOR A REMOTE DOUBLE QUASAR
The time-delay for a remote double source is basically caused by the geometrical length difference and gravitational redshift around the lens object, and so the formula in the present situation is the same as that in the homogeneous models. It is expressed [14] as [15] [16] by ∆t = ∆t geom + ∆t grav , If z s > z I 1 , both L and S are in V II , so that in the above formulas D ls is given by D ls = D A (Ω II 0 , H II 0 , z l , z s ), as in the homogeneous models, where 
where α 1 ≡ D/D homog , α 2 ≡ (D l ) 2 /(D l ) 2 homog , and β ≡ [D/(D l ) 2 ] homog δC geom /δC grav (> 0). By solving this equation, therefore, we can obtain H II 0 in the present single-shell models. Since the lensing is caused in V II , it is natural that we can get some informations about H II 0 and Ω II 0 from the time-delay measurement. In the two single-shell models, by the way, we numerically obtain the following ratios (α 1 and α 2 ) of D and (D l ) 2 to the corresponding ones in the homogeneous models with Ω I 0 and H I 0 , for the representative double quasar: 0957+561 (z l = 0.36, z s = 0.41 If we take (H 0 ) eff ≃ 62 km s −1 Mpc −1 [17] and adopt H I 0 = 70 km s −1 Mpc −1 , the ratio (5.5) is H I 0 /(H 0 ) eff ≃ 1.13, which is consistent with the above values (5.6) and (5.7) for β ≈ 1.
VI. CONCLUDING REMARKS
In this paper we derived the angular diameter distances from central and non-central observers in the "cosmological void models", for which we adopted the model parameters necessary to explain the bulk flow (derived in the previous paper [11] ), and showed that the The unique property of the present models is that the [m, z] relation is anisotropic, in contrast to the relation in homogeneous Friedmann models, and that the systematic image deformation appears for the sources with z > z j 1 (∼ 0.067). The observations about the anisotropy and lens effect will also be useful to determine which of the two models is better.
The derivation of distances in models with the intermediate self-similar region was not treated here, but their behavior is basicly similar to that in the double-shell models, though their analysis is somewhat more complicated. 
In the same way asz I 1 =z II 1 in the previous subsection, we have the equality of the shell redshiftsz II 2 =z III 2 . Moreover, coordinates (η III 2 ,χ III 2 ) are connected with (η II 2 ,χ II 2 ) by Eqs. (I.A14) and (I.A15). Accordingly, D A is uniquely determined for givenz I 1 (=z II 1 ),z II 2 (= z III 2 ) andz III s . Here we calculated the average values of d A and d L (= (1 + z j ) 2 ) defined by Eq. (3.21) and the z dependence of 5 log d L and ∆m are shown in Figs. 4 and 6 , respectively.
Distances from s non-central observer O in the inner region
When S in V I and V II , d l A , d t A and ϕ s are the same as those in the single-shell model. 
ϕ s = ϕ(χ III = χ III s ).
Thus ϕ s was derived as a function ofz I 1 ,z III 1 , z III s and φ (= φ 1 or π − φ 1 ).
